Abstract-Many factors are responsible for high incidence of dengue hemorrhagic fever (DHF). Moreover, the existence of Aedes mosquitoes plays a role in DHF transmission and larval indices was used as indicators to monitor Aedes populations. The present study determined the influence of socio-cultural, environmental factor and larvae density on DHF transmission. This study was carried out in Medan, a high incidence district and Langkat, a low incidence district. Larva survey was conducted to determine larval density. The influence of socio-cultural, environmental factors and Aedes larvae density on DHF transmission was examined by Multiple Logistic Regression. The result showed that number of family members, frequency cleaning of water container and House index (HI) were the significant factors for DHF transmission in North Sumatera Province. Sociocultural factor and larval density have been proven to significantly influence DHF transmission in North Sumatera Province. Both district have HI value higher than 10, which indicated have a high risk area for DHF transmission. Based on these findings, it was recommended to enhance health promotion regarding dengue prevention in the community. Furthermore, Aedes monitoring activity should be intensified to strengthen the dengue control program in North Sumatera Province.
I. INTRODUCTION
Dengue hemorrhagic fever (DHF) is an important health problem in many countries around the world. Currently, more than 100 countries are endemic for dengue virus infection with 230 million dengue virus infections occur worldwide each year [1] , [2] , [3] . The disease has become a leading cause of hospitalization among children in several countries in Southeast Asia, and Indonesia ranked the second for DHF cases in Asia according to the World Health Organization (WHO) [4] . Based on a 2011 report by the Ministry of Health, North Sumatera Province is ranked at third highest for DHF cases in Indonesia [5] . Ever since DHF was recognized in North Sumatera in 1975, the incidence of DHF increased annually from 24/100,000 population in 2007 to 66.2/100,000 population in 2015 [6] .
The factors responsible for DHF incidence are complex. However, factors such as sociodemographic, behavioral, cultural and environmental factors are contributing to DHF incidence. The environment affects the Aedes mosquito breeding sites and furthermore, the existence of Aedes mosquitoes plays a role in disease transmission [7] .
Several studies investigated the factors contribute to DHF incidence. Siqueira et al. (2004) , found that older age, low education and low income are significantly associated with dengue fever incidence. Thammapalao et al. (2008) in Southern Thailand found that high population density, pattern and house structure such as shop houses, brick houses are major risk factors for DHF incidence. Phuong et al. (2008) , found that occupation (farmer), number of children less than 15 years old in households, lack of experience with dengue fever in households, presence of a garden near the house and presence of water containers with mosquito larvae are associated with a higher risk of dengue fever in Vietnam [8] , [9] , [10] . On the other hand, Mondini and Neto (2007) found presence of solid around the household and prolonged storage of water for domestic use can create potential breeding grounds for Aedes aegypti, thereby increasing the transmission of dengue infections [11] . Spiegel et al. (2007) investigated the association of social and environmental factors with the presence of Aedes aegypti and found a higher risk for DHF incidence [12] .
Moreover, the existence of Aedes mosquitoes plays a role in disease transmission. Larval indices, which have been used to quantify vector breeding sites and function as indicators to monitor Aedes populations for dengue virus transmission, include the Container Index (CI), House Index (HI) and Breteau Index (BI) [13] , [14] , [15] .
DHF is a major health problem in North Sumatera Province and despite major prevention efforts have been done, the incidence of DHF remains high. Aedes mosquito is the main vector that plays a role in disease transmission. For effective control measures to break the chain of transmission and reduce the incidence of DHF, efforts should be concentrated on vector eradication and the disease risk factors, particularly those risk factors related to social-cultural and environmental conditions that contribute to DHF incidence. Therefore, the present study was designed to identify the social-cultural and environmental determinants of dengue infections.
II. MATERIALS AND METHODS
This study was carried out in Medan, a district with high DHF incidence and Langkat, a district with low DHF incidence, in North Sumatera province from April, 2011 to May, 2011. For each selected house, the socio-cultural and environmental data were collected by interview using questionnaires that were developed based on questionnaires published research. On the other hand, a larval survey was conducted based on WHO procedure and involved the examination of both indoor and outdoor water containers to look for the presence of Aedes larvae. For each positive container, a larva was pipetted into a plastic cup or plastic bag and brought back to the laboratory for identification. The House Index (HI), Container Index (CI) and Breteau Index (BI) were calculated to determine the larval density.
A. Sample
The study population was households in both districts with high DHF incidence (HIDs) and low DHF incidence (LIDs). Multistage sampling was used to select the study population. In the first stage, one district with high DHF incidence and one district with low DHF incidence were purposively selected based on the incidence of DHF in the previous year. Medan, a district with high DHF incidence and Langkat, a district with low DHF incidence, in the North Sumatera province were ultimately the two districts selected for this study (Fig.1 ). In the second stage, two sub districts, one with the highest and the other with the lowest DHF cases were again purposively selected for each district. In the third stage, the same criteria as above were applied to select two villages from the sub districts. For each village, two sub-villages were randomly selected. In the sub district with high DHF cases, households were systematically selected among the households with reported cases from the health office registry, whereas, in the low sub district, households were selected using systematic sampling based on the registry of the household from the sub-district administrative office.
B. Sample Size
The sample size for this study was calculated using the two-proportion formula [16] with an average proportion of DHF cases in the three districts with high DHF cases (P1) of 0.156 and an average proportion of DHF cases in the three districts with low DHF cases (P0) of 0.017 with an allowable error of 5% and a power of study of 80%. Multistage sampling was applied in this study and the sample size was multiplied by the design effect of 2. Therefore, 304 households for districts with both high and low DHF cases were included in this study. 
C. Study Instruments
The socio-cultural data were collected using interviews and recorded using questionnaires. The socio-cultural factors included age, sex, education, occupation, number of family members, frequency cleaning of water container, frequency cleaning of garbage collection and frequency cleaning of tray refrigerator. The housing density was expressed as the average number of persons per household. The cut-off point was 4 persons per household. The environmental factors included house materials, house style, door and window screen gutter and container with Aedes larvae.The larval survey was conducted to determine larval density. The tools used included a survey form, pipettes, plastic bottles, plastic bags, a specimen vial with stoppers, pens, a label and a flashlight. All of the indoor and outdoor containers at the selected houses were inspected to look for the presence of Aedes larvae. From each positive container, a larva was pipetted into a plastic cup or plastic bag and brought back to the laboratory for identification and then the findings were recorded on the survey form. Three larval indices, the House Index (HI), Container Index (CI) and Breteau Index (BI) were calculated. The HI is defined as the percentage of houses positive for Aedes larvae. The CI is defined as the percentage of containers positive for Aedes larvae. BI is defined as the number of containers positive for Aedes larvae per 100 houses examined.
D. Statistical Analysis
The Statistical Package for Social Science (SPSS) program was used for data analysis. The sociocultural information of the respondents as well as environmental information and larval Aedes indices were calculated and tabulated for descriptive statistics. The influence of socio-cultural, environmental factors and Aedes larvae density on DHF transmission was examined using multiple logistic regression. Initially, the data were analyzed using simple logistic regression to select the significant variables with p-values less than 0.25. Then, the significant variables were included in a multiple logistic regression.
III. RESULTS
The majority of respondents both in HIDs and LIDs were 39-41 years old, however the mean age of respondents in HIDs was higher than LIDs. Most of them had low education, were not working and were members of households that had more than 4 family members. Habits that promote Aedes aegypti breeding, such as frequency of cleaning water containers, within more than 15 days in HIDs was higher than LIDs. Whereas frequency of cleaning garbage disposal and frequency of cleaning tray refrigerator both in HIDs and LIDs within 1-7 days and within 1-4 days, respectively (Table1).
Concrete houses with interconnection style were the most common houses in both HIDs and LIDs. Moreover, most of houses both in HIDs and LIDs did not have screened door, window and gutter. On the other hand, positive container was more common in HIDs than LIDs ( Table 2) .
The results of our simple logistic regression revealed that significant variables with p-values less than 0.25: age, education, occupation, number of family member, frequency of cleaning water container, house style, house with gutter and positive container with larvae (Table 3 ). These variables then were included in the multiple logistic regression and the result as presented in Table 4 . Aedesa aegypti and Aedes albopictus were found in both high and low incidence district in 11 and 12 type of water container, respectively. Aedes aegypti larvae were predominantly found in Medan, whereas, Aedes albopictus larvae were predominantly found in Langkat. The larval indices (HI, CI and BI) for Aedes aegypti were higher in Medan than in Langkat (33, 12 and 39 and 11,2 and 9, respectively), whereas, the larval indices (HI, CI and BI) for Aedes albopictus were higher in Langkat than in Medan (Table 5) . Moreover, the larval indices (HI, CI and BI) were analyzed to determine the factors associated with DHF transmission and the results revealed that House Index (HI) was a determinant of DHF transmission in North Sumatera province. Houses with Aedes larvae had 1.093 times odds for DHF transmission compared to houses without larvae (Table 6 ). Based on WHO standard, both district had HI higher than 10 %, means that both districts had a high risk of DHF transmission. Thus far, there is no vaccine or specific medication for dengue hemorrhagic fever and transmission of DHF is directly related to its vector. Therefore, vector control has been the right choice for the prevention and control of dengue hemorrhagic fever. Furthermore, for effective control measures, efforts should be focused on monitoring distribution of vector and the risk factors that promote potential breeding places for Aedes vector including sociocultural and environmental factors.
In the present study, number of family members, frequency cleaning of water container and House index were the significant factor for DHF transmission in North Sumatera Province. Housing density was a determinant factor for DHF which could facilitate dengue transmission. Similar findings were reported by Koyadun et al. (2012) who found that household family members of more than 4 persons was associated with DHF transmission [17] .
Aedes aegypti usually breeds in water containers which have not been emptied and cleaned for a long time. Frequency cleaning the containers more than 8 days (larvae stage), may increase the number of adult Aedes, thereby increasing risk of dengue transmission. In the present study, frequency of cleaning water container more than 15 days in HIDs was higher than in LIDs. Moreover, container having larvae in HIDs was higher than LIDs. Frequency of cleaning water container in longer time resulted in the water container having Aedes larvae, thereby, increasing risk for DHF transmission. This finding was similar to the study by Bohra & Andrianasolo (2001) in endemic area of Jalore in Rajasthan state India. They found that the frequency of cleaning water container once in more than 8 days contributed to the abundance of adult mosquitoes and the risk of dengue transmission [18] .
Larval survey was conducted to determine the larval density and monitor distribution and vector abundance. The HI, CI and BI were used to help stratify the DHF risk areas. In this study, Aedes aegypti larval indices (HI, CI, BI) were higher in HIDs than in LIDs. Larval indices (HI, CI and BI) for Aedes larvae in both HIDs and LIDs were 35, 13 and 43 and 22, 8 and 34, respectively. Moreover, larva indices was significantly associated with DHF transmission and furthermore, the house index was found to be an indicator of DHF transmission in North Sumatera province. Our study revealed that both HIDs and LIDs had HI greater than 10, which means both districts have a high risk for DHF transmission. Pham et al.(2011) in Dak Lak Province in The central highlands region of Vietnam found that the incidence of DHF was significantly associated with House indices, container indices and Breteau indices. Promprou study in Thailand, which found that both high and low risk DHF areas had a high risk of DHF transmission.
V. CONCLUSION
Our study revealed that socio-cultural factor and larval density have been proven to significantly influence DHF transmission in North Sumatera Province. Moreover, the larval indices (HI, CI and BI) for A. aegypti were higher in HIDs than in LIDs. Both high and low incidence districts had HI greater than 10, which indicated both districts have a high risk of DHF transmission. For effective control strategies for DHF, the efforts should be focused on distribution of vectors and disease risk factor. It was recommended to enhance health promotion regarding dengue prevention in the community and intensified Aedes monitoring activity to strengthen the dengue control program in North Sumatera Province.
